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发板进行相关的硬件模块设计以及用 SOPC Builder 软件搭建以 Nios II 为处理器
的嵌入式系统硬件。 
第二，对通信模块进行设计。在嵌入式系统硬件的 Nios II 处理器上移植μ
C/OS-II 实时操作系统以及 lwIP 协议栈，实现与计算机的网络通信，测试结果表
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Abstract 
MRI has many advantage such as many imaging parameters, high contrast, more 
safe and no damage to human body, MRI become one of the most widly used and 
most advanced in medical diagnosis in today’s world. 
Main control board is the central core of the MRI system. It includes 
communication module and pulse sequence module. The communication module 
realizes the data communication with computer and data storage. Pulse sequence 
generation module realizes the command parsing and generation of pulse sequence. 
This article will revolve around communication module and pulse sequence 
generation module to discuss and design. 
In this paper, the main contents are as follows: 
First, determine the design idea of the mian control board, proposed the use of 
pure hareware approach to pulse sequence generation module design. The next, select 
the FPGA development board which used as the main control board. At last, the board 
will be on the design and use SOPC Builder software to bulid the embedded system 
hardware based on Nios II processor. 
Second, the communication module design. Transplant μC/OS-II real-time 
operation system and the lwIP protocol stack on Nios II. It realizes the network 
communication with the computer, the results of the test show that the network 
communication is successful and the transmisson speed of more than ten Mbps satisfy 
the MRI requirement. 
Third, use Verilog language to design the pulse sequence generation module 
which realizes the command parsing and generation of pulse sequence. Then, use the 
Modelsim software to simulate and test the hardware circuit. Connecting with the 
communication module, this module can generate the pulse sequence waveform that 
the user wants. 
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第一章  绪论 
1.1 课题背景 
核磁共振（Nuclear Magnetic Resonance ，NMR）物理现象是美国斯坦福大
学 Bloch 和哈佛大学 Purcell 分别发现的[1]，由此现象而发展的核磁共振技术是研
究物质的分子结构和动态过程的最常用和最有效的技术之一，在物理、化学、医
学、生物、材料和石油探测等领域有着非常广泛的应用[2]。 
随着 NMR 技术应用领域不断的拓展和深入，推动着 NMR 谱仪技术的不断
发展和完善。其中随着 NMR 无损检测技术的日益成熟，人们开始尝试将该无损
检测技术应用于医学成像中[3,4]。 































基于 FPGA 的磁共振成像系统通信与脉冲序列生成模块的设计 
2 
荷外还具有自旋角动量。自旋角动量用 P 表示，为普朗克常数，I 为自旋量子
数，其绝对值由下式表示： 







   （1-2） 
其中为旋磁比，其值由核的本性所决定。 
原子核的自旋角动量和核磁矩都是量子化的。以 B0 的方向作为 z 轴的正方
向，核磁矩在 z 轴上的投影为： 
 Izz mP    （1-3） 
其中 mI为磁量子数。当磁偶极距置于沿 z 轴的外磁场 B0 中，原子核与外磁
场相互作用所产生的能量为： 
 000 BmBBE Iz    （1-4） 
mI可取 2I+1 个值，因此在外磁场中原子核能分出 2I+1 个子能级，两两相邻
的子能级间的能量差为： 
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